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POST-T.AliKI,|WG STABn^TZATION Qf 
RAPfOLAItEf ,TB> FROTPINS AND JPEPTIDES 

BACKGROTJND 
Field of the Invention 

TUs invCTtion lelates to stabilize for radiophannacratical compositions 
which aie ad(ted after radiolabeling txit prior to administration. Ascoibic add (and/or 
a derivative thereof), sdone or in ccHnbination with otfa^ stal»I]za:s, is used to inhibit 
oxidation loss and autoradblysis of radiolabeled peptides and proteins. 

Bactpound Art: 

A large number of protdn-based radiofribannacoiticals are und^ clinical 
invesdgati(m» and a smalls nurnb^ have been approved in tte United States and other 
countries. Similariy, pe]rtide-based iadiq>hann^»iticals are also uod^ clinical 
investigation, with several zppsovGd for clinical use. Therapeutic and diagnostic uses 
of bodi protein- and peptide-hased ladiofdiannaceuticals continue to be developed. 
Typical therq>eutic and diagnostic applications aie described in U.S. Patents 
5,078,985; 5,102,»0; 5,277,893; 5,443,816; and 5,460,785; and in U.S. Patent 
AppUcations Serial Nos. 08/087,219; 08/269,929 and 08/651,179, incoipoiated by 
reference in their entirety. 

Protein- or pqytide-based ladiophannaceuticals are primarily based upon 
use of monoclonal antibodies (or fragments thereoO as a targeting vehicle, but other 
pqitides or proteins can also be used, including albumins and honnones. Both intact 
antibodies (monoclonal and polyclonal) and fragm«ts, made by any m^hod known to 
the art, as well as peptide mimics of fragments or antibody binding sites can be 
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ladiolabded and used as imaging, diagoosdc or th^aqpeutic agents. 

A variety of pq)tide-hased nidiq>hannacraticals have been investigated, 
including those in which the peptide is derived fnm somatostatin. Kadtolabeled 
peptide analogues of somatostatin used for diagnostic imaging inchide ^^-labeled 
Tyr-3-octieotkte and ""In-di^ylene tetraamii^)entaacetic add (DTPA)-octxeotide 
imaging agents. Research is underway on a variety of '^c-labeled somatostatin 
analogues, inchiding direct-labeled peptide somatostatin analogues. An 
^"In-innPA-octieotide product is comm^tdally available in the United States and 
Eun^iean countiks, and is distributed by Mallinckrodt Medical, inc. 

Both protein- and pq^e-based ladiophannaceuticals may be 
nuiiolabeled by a variety of means. Both peptides and protdns can be directly 
ladioiodinated, through electrophilic substitution at reactive aromatic amino adds, 
lodination may also be accomplidied via prdabded reagents, in which the reagent is 
iodinated and purified, aiul then linked to the pqitide or protdn. 

The utility of DTPA and EDTA cteiates coval^y coupled to protdns, 
polypeptiifes and pqnides is well known in the ait. DTPA has been used as a 
bifunctional chelating agent for radiolabeling a variety of peptides with ^"In, induding 
somatostatin analogues for cancer imaging, or-mdanocyte-simulating honmme for 
imaging melanoma, cbeuKMactic peptides for infection imaging, laminin iraginrats for 
taigeting tumor-assodated laminin receptors and atrial natriuretic peptides for imaging 
atrial natriuretic recq)tors in the kidney. 

'^c is a prrfmed isotope for diagnostic imaging, due to its tow cost, 
ready availability, excellent imaging properties and hi^ spedfic activities. Two 
sqjpioaches have been described for radiolabding protdns and pq)tides with '^c: 
direct labeling and tMfiincticmal chelates. I>irect labding mediods are goietally 
described in U.S. Patents 5,078,985; 5,102,990; 5,277,893; 5,443,816; and 5,460,785 
lefecmced above, in which a variety of methods of direct labding of pqitides and 
pioteins through sulfur-, oxygen- and nitrogen-containing amino add sequmces 
available for binding are disck)sed. 

A vari^ of high affinity chelates to bind '^c to spedfic sites on 
peptides have been devdoped. In one approadi, the Infunctional reagent is fffst 
labeled with ^c, and thra coiyugated to the pq)tide. However, multiple species can 
result, and post-labeiing purification is generally required. In anottier sq^iroadi, a 
chelating ag^ is covalffltly attadied to the peptide prior to radiolate^ Chdates 
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which have been employed indude a variety of N2S2 and N3S Ugands, DTPA, 
6-hydrazinonicotiiiate groups, m^alloduonein and metaliottdonein fragments. 

Isotopes of rhwiium, prindpaUy and have bera used to 
ladiolabel piotdm and pq>tkies for investigation as thersQ)^ ThechCTiistry 
5 of and is similar to that of ^^c, though not idmtical, and both direct and 

dielate labeling approadies have been used in radiolabding proteins and pqjtides with 
itouum. 

Protein and pqitide radiq>hannaceutical conqx>sitions are known to 
degrade after radiolabding, primarily by oxidation losses and by autoradiolysis. Some 

10 ladiopharmacaiticals, such as '^Tc, and eapedally and labeled compcmnds, 

are particularly susceptible to oxidation losses if the isotope is not maintained in a 
suitable oxidation state. Bodi techn^um and rhenium isotopes normally exist in thdr 
hi^iest or +7 oxidation state, whidi is the stable state, until reduced with stannous or 
other reducing agrats. A tfyhpf^s^"* or riienium radiolabeled compound can become 

IS unstable if the ccmiplexed reduced isotope is oxidized to a hi^ier oxidatim state, 

releasing the bound isotope as free or unbound p^tedm^ate +7 or free perrfaemite 
+7. 

Tte t^m ''autoradiolysis" includes chemical decomposition of a 
radiolabded pqptide or pn^ein by the action of radiation emitted from the iadioisotC9)e 

20 coupled to the pqxtide or protdn. Autoradiolysis may be caused by the formation of 

free radicals in the water or od^ medium due to the effect of radiation mitted from 
the radioisotope. Firee radicals are molecules or atoms containing a single uqxdred 
dectroh, which exlubit high chemical reactivity. Autoradiolysis is a significant 
problem widi high eaeacgy iS-^tting isotopes, such as rhohmi isotopes, and with 

25 cx^^nitting isotopes, but is ^ically somewhat less of a problrai with y-emitting 

isotopes, such as '^c. 

A variety of methods have been onployed to stabilize 
radiofdiarmaceuticals in general, includiiig addition of HS A (human serum albumin) to 
a composition or keqnng it frozen between prq^aiation and use. However, these 

30 mediods are not rdiably effective or practical for use with many radiolabded pqitides 

and proteins. Substances sudi as ascorbic add and gatisic acid have also bem used 
to mhibit the oxidaticm of the radioisotq>e, and to limit autoradiolysis by acting as 
"free radical scavragers* which donate reactive hydrogen atoms to the free radical 
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intennediates yielding a non-ieacdve molecule. Use of gentisic acid and its derivatives 
to stabilize radiolabeled proteins and peptides is described in U.S. Patent 5,384,113, 
incoipoiated ber^ by r^erence, and use of ascoibic acid to st a bil i z e some 
chraiical-based iadk>labeled compounds, but not protein- or peptid^-based radiolabeled 
compounds, is described in Tofe, A. J. and Francis, M.D., J, Nml Med., 17, 820-825 
(1976). However, ascoibic add has b&cn recognized in the art as unstable for use as 
a stabilizing agent with many chemical-based radiolabded compoumls, presumably 
because it conq>etes for the **Tc and fonns a ^c-ascoibate complex. Balling^', J., 
Der, M., and Bowen, B., £ar. /. Nucl Med., 6, 154-154 (1981). In feet, because of 
the stability of Tc-aocoibate ccMuplex, ascoibic acid has been labeled widi tedmetium 
by numerous investigators for use as a potential ratal imaging agent. In addition, use 
of ascoibic acid prior to aiKl duriqg radiolabding has been described in U.S. Fa^ 
No. 5,011,676, and has been described in Radiopharmaceuticals, G. Suhiamanian, 
B. A. Rhodes, J.F. Cooper and V.J. Sodd, eds, Society of Nuclear Medicine, New 
Yoik, 1975, pp. 37-38, as an agrat, used eithw singly or in ccmbinatim with Ve(sn), 
in techn^um labding of HSA. Despite the promise shown by a number of 
newly-devdoped proteins and pq>tides for diagnostic and tfaen^ieutic qiplications, 
susceptilnlity to oxidation loss, autoradiolysis and other impurities may limit use. 
Theitfoie, the dev^ypment of means for the effective stabilization of radiolabeled 
compounds, widxHit loss due to the stabilizing agoit, is a significant and mudi-needed 
advancement in the ait. 

pTMMARY OF TKB INVENTION 

Accoidiiigly, it is an object of the piesrat invoticm to provide a 
compositkm containing a radiolabded protein or pqitide having improved stability 
(e.g., against oxidation, autoiadioly^s and more g»erally dpgradation). Another 
object is to provide novd methods for ^abilizing a radiolabeled protdn pq)tide or 
polypeptide. 

It is a fuitfaer object of the invradon to provide a diluent and a bodying 
agent, providing volume to the radiolabded protein or peptide prqiaiaticm which is 
hdpful in a i^iannaceutical or clinical setting for ease of manqnilation and 
administiation. It is a fiuth^ object of the mv»tion to provide a stabilizing agrat 
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which further stabilizes a radiobd)ele(l j)rotein or pq>tide pxeparatioii containing excess 
stannous or stannic icms, preventing fonnation of Sn-colloids or i>ther radiodiraucal 
impurities. It is a further object of the invration to provide a radiolabeled protein or 
pq>tide con9X)sition which uses a relatively non-toxic and readily obtainable stabilizing 
agfflt It is a further object of the invention to provide stabilized radiq>harniacaitical 
products made by the various methods disclosed hereinabove. 

Oth^ objects, advantages, and novel features/ and further scope of 
applicability of the present inv»ticm will be set forth in part in the detailed description 
to follow, and in part will become q)par»t to those ddDed in the art upon examination 
of the following, or may be learned by practice of tiie invention. Tte objects and 
advantages of the invmtion may be realized and attained by means of the 
instrumoitalities aiKi combination particulariy pointed out in the sqipraded claims. 

The presrat inv«iticm provides a method for stabilizing 
radiopharmacoitical compositions, including ccmipositions based on pq)ti£fes and 
protons, including antibodies. The m^hod comprises adding ascorbate or oth^ 
stabilizhig agrats to d» pre-radiolabded composition in an amount effective to prevent 
d^radation of the radiolabded substance, sudi as Oat caused by autoradiolysis of the 
labeled composition and oxidation k>ss of the xadiobbel. 

Tb£K is also provided a method of preparing a stabilized peptide or 
protein radtophannaceutical ccHnposition, comprisii^ the ordered stqis of labeling a 
pq)tkfe or protein with a radioisotq)e to f onn a radiolabeled pharmacCTitical product, 
said radiolabeled pharmaceutical product being substantially free of any fitahiiiTing 
agents, and then adding a stabilizing agent consisting of ascorbic add, or one or more 
derivatives thereof (such as salts, esters^ and mixtures thereof) to the radiolabeled 
pharmaceutical product In one raibodiment, the radioisotope may be an isotope of 
rhenium or technetium, and particulariy '^c, ^*%e or ^**Re. 

J There is also provided a method Of pr^Kiring a stabilized 
rfaouum-labded peptide-based somatostatin analogue radiopharmaceutical composition, 
composing the ord^ed stq>s of labeling said peptide with an isotope of rhmium to 
form a ra^olabded pharmaceutical product, said radiolabeled pharmacratical product 
being henetofore sub^antiaUy free of any stabilizing agrats, and then adding a 
stabilizing agent ocmsisting of ascorbic add, its salts, esters, derivatives and mixtures 
thereof to the radiolabeled pharmaceutical product. In one embodimat, the 
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radioisotope may be or "•^^ . 

Thm is also provided a method of prq>ariDg a stabilized 
tecbnetium-labded anti*SSEA-l IgM antibody-based radiopharmac«tical omipositioii, 
ccHnprising the onleied stqis of labeUng said anti-SSE^-1 antibody with an isotope of 
technetium to fonn a ladiolabded phannaceutical product, said ladiolabded 
phannaceutical produa being heretofore substantially fiee of any stabilizing agots, 
and then adding a stabilizing agent consisting of ascoibic acid, its salts, estm, 
derivatives and mixtures tteieof to the radiolabeled ])liannaceutical pnxhict. In cme 
onbodimot, the radioisotope may be '^c. 

Additionally, tte present invention provides stabilized compositions 
containing a radiolabeled protein or pqvtide, which compositions have been stabilized 
by the addition of a stahiKTing ag»t containing ascoibic add or a derivative thereof to 
a composition containing said protein or pq>tide already radiolabeled. 



TOTHP DESCR IPTrON OP THE FIGURES 



nGURE L Elution profile of Re-188-RC-160 labeled with 65 mCi of Re-188 at 6 
hours post-labding fran a Qg-'^^'se-phase HPLC column. Ibe y-axis 
in aibitrary units. The figure ins^ is an eluticm profile of Re-188-RC- 
160frcHna C|«-SqxPdc colunm usmg a stq>-gradimt of acidified 
ethanol. 

FIGURE 2. Comparative dutions profiles of Re-188-RC-160 radiolabeled at ekHber 
90*C or 3TC. 

FIGURE 3. Displacemrat of Re-188 from Re-188-RC-160 usmg increasing 
concentrations of cystdne as a diallenge agent. 

FIGURE 4. Comparative biodistribution of Re-188-RC-160 radiolabeled at either 
90''C or ST^'C in nonnal franale mice. 

FIGURE 5. Comparison of Tc-99m- or Ite-188- labeled RC-160 oyer time as 

analyzed by TLC. Saline was used as a mobile phase. Similar amounts 
(20 mCi) of each radionuclide wm used, and the same formulation 
(optinuzed for Re^labeling) was used in the comparison. No post- 
labeling stabilizer was used. 



wo 97/28181 PCT/US97/01695 

7 

FIGURE 6. QwiqjaiativeTLCof Re-188-RC-160withand 

stabilizatkm with asootfaate. 
HGURE 7. Hution pioffle of Re-188-RC-160 labeled with 65 mCi of Re-188 at 30 

hours post-labefing from a Cirieversei>hase HPLC column. Hie y-axis 

in axtntraiy units. 

FIGURE 8. Comparative elution profiles of Re-188-RC-160 witfi ascoibate added 
after the radiolabeling (top) or bdbre the radiolabeiing (txmom). Both 
preparations were radiolabeled with 10 mCi (370 Mbq) of Re-188. 

FIGURE 9. Labeling of a RhoMed ladiophamacratical produr^ known as LraTec- 
MTM, a '^c-labeled anti-SSEA- 1 antibody. (This product is rdened 
to as "Leuko- 1* in Figure 9, whidi is a summary of the test results 
from a lot of LeuTecMiM manufieu^tured by RhoMed.) This data 
shows the difference in radiolabeling yields between unstabilized 
and stabilized (with ascorbate) product. 

FIGURE 10. HFIjC profile on '^c-labeled IgM samples showing the 

difference in yield wet time with labeling occuning in the 
presmce of ascoibate or with postlabeling addition of ascorbate. 



^ffTA^ ^ DESCRIPTION 

The present invention is directed to radiolabel^ protein- or 
pq^kle-coiitaining compositions with a stabilizing agent added subsequent U> 
radiolabeling but prior to use to prevent oxidation and autoradiolysis. One class of 
^ilizing agent whidi is ^ective at prevrating oxidation and autoradiolysis is 
ascoibic acid (and derivatives thereof). With many protein- and pqptide-based 
radiolabeled compositi(»is» ascoibic acid and its derivatives interfere with radiolabding 
if inchided in the composition prior to or during radiolabeling. However, the inventors 
haye fouiKi diat, unexpectedly, wh» added subsequent to radiolabeling (and 
subsequent to any incubation period)^ ascorbic add and its derivatives result in a 



wo !r7/28181 PCT/US97y01695 

8 

radiolabeled substance of siip^or stability and body (volume). The radiolabeled 
proteins and peptides whidh are effectively stabilized according to the present inv^on 
include radic^hannac^itical dnigs having diagnostic or thenq>»itic applications. 

While the m^hods of this inv»tion are paiticulariy applicable to 
stabilizing compositions including isot(9)es of technetium and ifaouum, such as '^c, 

and ^**Re, because of tte particular su5cq>tibility of such isotopes to oxidation 
and/or autoradioIy«s, the m^bods of this invention can be used with ccmipositi<ms 
including a wide variety of isotopes, induding those found in die group consisting of 
elcmaits 26-30 (Fc, Co, M, Cu, Zn), 33-34 (As, Se), 42-50 (Mo, Tc, Ru, Rh, Pd, 
Ag, Cd, In, Sn) and 75-85 (Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Po, At) of the 
Periodic Table of Elements. Radioisotopes with diagnostic or thenq)eutic ig^lications 
include 62Cu, 64Cu, 67Cu, 97Ru, 105Rh, 109Pd, *'*Re, ^••Re, 198Au, 199Au, 203Pb, 
211Pband212Bi. 

The radiolabeled pq>tide compositicms stabilized by means of this 
inv0iticm include proteihs, peptides and polypeptides whidi are naturally-occunirig, as 
well as those pnxhiced by cfamical synthesis, by recombinant DNA technolpgy, by 
biodmiical or enzymatic fragmentation of larger molecules, or by any other means ibr 
produdng tbsm, Ptor exan9>le, pepticfes stabilized by the presoit method include 
peptide fragments, polypqitides ar»d otbo' structures derived dierefirom, gewraUy 
ctmsisting of a sequence of amino adds. Representative examples of pq>tides include 
those dmved from laminin, fibnmectin, cytokines, lymphoMnes, setum albumin, 
fibrinogra, enzymes, hormones, somatostatin, un&inase, tissue plamiinogen activator, 
and protease inhilHtors. Peptides will g»ierally comprise fewer than 100 amiiK> acids, 
and preferably fewer than 60 amiiK> acids, and most prrferably comprise between 
about 4 and about 20 amino sKdds. The amino acids forming all or a part of the 
pq)tide may be naturally occurring amino acids, isomm and modifications of aich 
anuno adds, rmiimytdn amino adds, post-^ranslationally modified amino adds, 
enzymatically syntheazed amino adds, isosteric amino acid analogues and the like, so 
that the term "peptide" indudes pseudopqytides and pejrtidomimetks. The tenn 
"pqrtide" also includes cyclic pqytides, bridged peptides (e.g., disulfide-bridged 
pq)tides), dimm or multimers of peptides. Radiolabded protdn conqx>sitions 
stabilized by means of this invention UKlude sudi pn^eins, whether natural or 
synthetic, as human serum albumin, fibrinogra, urddnase, gamma glolnilin, laminin, 
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{ibronectin, cytokines, lyinphokiiies, enzymes, razyme inhibitors, honnones, 
glycoproteins, and immunogldMilins. The term "protein'' as used throughout the 
specification and claims is intoided to include all of the foregoing substances. The 
protein is typically of mammalian origin, but also includes proteins of plant origin and 
proteins from prokaxyotic ceDs. Mediods of attaching or ccHnplexing proteins to other 
molecules, such as Iqnds and caiix>hydrates, including %osomes, are known to those 
skilled in the ait. 

Immunoglobulins, a type of protein, include antibodies and antibody 
fragments (including f iagme nt s ccMisisting essentially of an antigenic det^minant or 
antigen binding site), of any spedes, and include both polyclonal and monoclonal 
antibodies made by any means, as well as chimeric and gen^cally engine^ed 
antibodies, hybrids, and fragments of all of the foregoing. Thb includes 
immunoglobulins of any class, sudi as IgG, IgM, IgA, IgD or IgE, of any species 
origin, including human bdngs, chimeric antibodies or hyfarkl antibodies with dual or 
multiple antigen or epitope specificities, and fiagmaits of all of the foregoing, 
including F(ab)2, F(ab)2, Fab, Fab and other fr^m»ts, iiK:luding hybrid fragments, 
and further includes any immunoglobulin or any natural, synthetic or genetically 
engineered protein that functionafly acts like an antibody by binding specifically to a 
given antigen to form a coiq>lex, including single diain antibodies. The terms 
"antibody* or "antibodies" as used duoughout the specificatkm and claims are intraded 
to inchide all sudi antibodies and antibody fiagmoits. 

The products slabili/ed by means of the inventicm set forth herdn can be 
used for both medical i^lications and velmnary s^lications. T^picaUy, the product 
is used in humans, but may also be used in other mammals. The term "patient" is 
intended to include a mammal, and is so used throughout the specification and in the 
daims. The primary plications of die invention involve human patients, but the 
inventira may be allied to laboratory, farm, zoo, wildlife, pet or qx>rt animals. 

The products stabili/ed by means of the invration set forth herein can be 
used as imagiiig agents, for example, to view tissues in order to monitor normal or 
abnormal metabolic events, to localize normal or abnormal tissues, to localize diseases, 
to diagnose or treat diseases, and to bind to blood constitu»ts, including blood cells, 
such as lymidK>cytes, for subsequent localization of diseases, infections, and abnormal 
tissues. The supplication and medical use of the product dqpends on the type of protein 



W0 97/2gl81 PCT/US97A)ie95 

10 

or pqytide and the type of ladioisotppaused. 

The piotdn or peptide is first labeled with a radioisolope which can be 
accomplished using known tediniques, and oacc labeling is coiiq>lete, it is then 
stabilized accoiding to the inv^tdon. The radioisotope may generate gamma rays, beta 

5 particles, or positrons which are conv^ted into gamma rays upon collision with 

electrons. Tlie radioisotope may be used in diagnostic imaging procedures including 
gamma sdntigrairiiy, q>ecific fbolon mission comput^ized tomography, or positron 
mission tomogrq)hy, or may be used therapeutically. 

Widi ^^c, ^"^e or '"^Re labeled pcpddcs or protms, regardless of the 

10 particular method of radiolabding ooployed, the addition of ascorbic add to achieve 

concentraticMis betwea about 0.001 wt% and 5 wt% to die ccHupo^cm post-labdh^ 
increases the ^ility of the radiolabeled compositicm, with apparmt increased 
resistance to oxidation and/or radiolytic decomposition. If excess stannous or stannk: 
icms are presmt in the compositi(»i of the labded peptide or protem, the additira of 

IS ascorbic add also ptwents formatimi of Sn-colloids and other radiodiemical 

unpurities. This thus allows suffident stannous icm to be added to a preparation to be 
radiolabeled to insure complete reduction of the pertechndate or pmhmite, even if 
thstt is some oxidation loss of stannous to starmic ion, wiAout formation of 
undesirable radiochonical impurities ftequently found wifli excess tin. As stated above, 

20 piesence of ascortnc add or a d^vative thmof in a composition conlainmg pep^^ 

and protdns, and radiolabeling agents before the c(»npleti(m of radiolabeling, 
i^ardless of the method of radiolabeling, inclusion of ascorbic add prior to ordinary 
labeling has a detrimental effect on radiolabeling yields. Whoi derivatives are used an 
equivalent amount (on a molar basis) can be used. 

25 Addition of ascorbic acid or a d^vative th^eof post-labeling to the 

ccHnpositions (in whicfa ascorbic add has be» present prior to conq>leticm of 
radiolabeling) does not cure tiie prd>l«i created by the presrace of ascorbic add prior 
to or during labding. Tlie present inventicHi thus requires that the stahiliring ag»t 
(ascoibic add or a derivative th^eof) be added to the composition ccmtaining a 

30 radiolabded pepddt or protein only after radiolabeling is comply (i.e., after the 

hbd has ben attached to the pe^de or protein and any incubation pmod has 
elapsed). The requirem»t that the ascorbic add or other stabilizing agoit be added 
aft^ the protein or peptide is labeled with the radioiscmipe is critical, in that adding 
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ascoibic add or another stabilizing agrat prior to or during ladiolabeling can adversely 
affect the radiochemical purity and yield of the radiolabeled preparation. Such 
post-labeling stabilization yields a sup^or result That addition of ascoibic acid and 
other stabilizing agents post-labeling would produce sup^or radiochemical yields was 
new and suipiising. 

One particulariy b»eficial {plication of the instant invration is that 
antioxidants, notably ascofbic add (and derivatives thereof), inhibit ladiolysis and free 
radical damage to proteins or pe3>tides labded widi isotopes raiitting high raeigy 
photons or particles, such as the 2 MeV beta paitide knitted upon decay of ^''Re. 
Free radical d^radation in particular can be significant, and g^ierally increases with 
both time and increased amounts of radioactivity in the prq)aratioa. 

The use of ascoibic add or derivative has the added advantage in a 
jdiarmaceutical or clinical setting for tte puipose of "bulking" the preparation, that is, 
giving the preparation a certain required minimum volume for easy manipulation and 
use. In addition, preparatiras of ascoibic add (or derivative) for injectira are 
OHnmadally available, and exhibit little or no toxidty. If not available, they can be 
synthesized using known techni<pies. 

A protein or pqyticte ladiolabeling kit may be employed, which will 
ccxitain one or more vials containing the protein or peptide to be xadicdabded, and may 
contain a transfer ligand, a reducing agent, dq)»ding an the radioisotc^ to be 
nnployed, other ladiolabeling reagents and one or more excq>ients. The contents of a 
vial may be lyophilized, frozen or in liquid formulation. The iadioisotq)e, typically in 
an aqueous solution, is added to die vial containing the protein or peptide to be 
ladiolabded to initiate radiolabeling. It is key that the ladiolabeling vial not inducfe 
ascoibic add or derivative since tlidr pres»ce may adversely affect radiolabeliqg. 
Rather, ascoibic add and other stabilizing agnts are omvCTtionally included in the 
ladiolabeling kit in a separate vial, or may be obtained from dbet sources in a 
separate vial. Depending on the method of radiolabding raaployed, after addition of 
the radioisotq)e to die radiolabeling vial and mixing as required to solubilize the 
components, the radiolabeUi^ vial is allowed to incubate for a penod of time, 
generally ranging from 15 minutes to one hour, at a traip^ature ranging from room 
traiperature to 1(X)°C. After the incubation penod is completed, unreacted label 
and/or excess reducing agent are eternally ronoved, the ascoibic add or derivative 
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tbeieoftfaeQ added to the radiolabeled pro^ or pq>tide in the radiol^ 
The amount and molar concoitration of ascortric acid added wiU depend on the 
formulation, the desired dose volume, the type of radioisotope, and the quantity of 
radiation. CommereiaUy available compositicms containing asccnbic acid (o^ 
derivative) may be used, ^ically containing 500 mg/2 ml ascorbic acid, with the 
volume added ranging from 10 /tl to 2 ml, and prefraably frcHn 250 ^1 to 1 ml. The 
d^vative may be a i^iysiologically acceptabte water soluble salt of ascorbic add, such 
as sodium ascorfoate, potassium ascorbate, lithium ascorbate, etc. or ester of ascoibic 
add. When a dmvative of ascorbic add is »q>k>yed, an equivalent amount (on a 
molar basis) is used. 

Once the statHlizing agent is added to the radiolabded prc^ein or 
peptide, the composition may be prepared for administration. Typically, the 
radiolabeted ccMnposition is administered parenterally, and most commonly 
intiavoKNisly, but oth^ forms of administraticm are contanpbted and posable. 

PreferaUy, the stalrilizer of the invention is added as socm as 
ladiolabding is complete. If any purification of the radiolabeled protdn is necessary, 
the stabilizer can be added afi^ such purificaticMi. It is an advantage of the invotion, 
however, that incorporation of the gtahiHygr in coiiq[X>sitions coittaining excess stammis 
km prevents formation of quantities of stannous oolknds and other radiochemipal 
impurities that would intofim with performance of the radiolabeled protein or peptide 
for its intraded imagir^ diagnostic or therapeutic purpose. 

The invention is fmth^ iUustrated by the following nra-Umitirig 

examples. 

example 1 - preparation of a stabilized rhenium-labelbb rc-160 
pepudb-based radiopbarmaceutical composition 

RC-160 is a cyclic somatostatin amdogue with the general structure: 
I>-Phe-Cys-Tyr-I>-Tip-Lys-Val-Cys-Ttp-NH2 



Radiolabeling kits prqiared using asqytic techniques, with each kit prqiared in a 
10 ml serum vial uang a 2 ml liquid fill. The liquid fill contained 200 §ig of RC-160 
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pqytide in 45 mM sodium potassium taitrate, 10 mM potassium hydiogm phthalate 
buffi^, pH 5.0, in 5 mM stannous tartrate with 1 % maltose added as a fteeze-diying 
exdpient. Each kit contained a maximum of 1.19 fig of tin. Afi^ filling, the vials 
were lyophilized, the head space gas filled with nitiogCT, and the vials stoppered and 
5 crimped. Lyophilized vials were thra stored refiigmted at 2-8"C. To label a kit, 4-5 

ml of ^''Re-penrliraate sohitic»i containing 10-100 mCi was added to the kits, and the 
kits then heated in a boiling water bath for 30-45 minutes. Following a brief cooling 
period, 2 ml of ascorbic add for Iiijection, U.S.P., was added to the labeled kit 
through a 0.22 micron filt^. Two ^pes of parenteral ascorfaate were used with 

10 similar results. Ascorbic Add for Injection, U.S.P., 500 mg/2 ml, aiKl Ascorvif" (a 

prq>aration of ascorbate) 100 mg (J»^harm, Germany). An dution profile from an 
analytical HPLC at 6-hours post-labeiing is shown in Fig, 1. In this study, RC-160 
was radiolabded at pH 5.0 for 30 mirmtes at 90'*C and ascorfaate was added post- 
labeling. Hie t^npoatnre effect is shown in Rg. 2: 19 minutes for 3T'C and 21 

15 miirotes for 90^C. Also shown in Rg. 1 as an inset is an elation profile of Re-188-RC 

160 from a C18 column using a step-gradient of acidified edienol. Hie leoilts are 
consistent with the HPLC. '**Re-RC-160 to which ascorfaate was not adcted was found 
to be stable for only up to two Ixnirs post-labeliqg; however, afier that the ^'^e began 
to unaMq>le from the peptide as d^ennined by TLC (using silica-coated thin layer 

20 diromatography strq)s) and cmfinned by RP-HPLC (aimlytical reverse phase HPLC 

usirig a C18 cohurni ehited with a continuous gradimt of acetonitrile and analyzed by a 
post-colunm radioisotope detector, genially at a flow rate of 1 ml/mimite). This 
uncoupling occurred with ^'^e, but not witti To-^ when used in ttie same amounts, 
20 mCi, suggesting the effect was specific to rhenium at his particular concentration. 

25 Post-labdir^ addSticm of ascorfaate was found to essentially eliminate die uncoupling 

and stabilize the ^*^RC-160. Fig. 6. An HPLC profile at 30 hours post-labding 
with 65 mjCi of '"'Re to which ascorfaate was added af^ labeliiig denumstiated that 
v^ little free rlienium could be found. Kg. 7 and Fig. 1. Cysteine displacement 
studfes draionstrated that the Re-peptkie bond strength was not altered by additicMi of 

30 the ascorfaate post-labeling. Briefly, ali^iots of 100 /d cysteine dissolved in phosphate 

Imffer saline (pH 7.4 with 1 M NaOH) were dihited in sqiarate nucrofuge tubes to 
result in a doubling dilution. 100 /il of Rel88-RC-160 was added to each tube and 
mixed by inversion. The saiiq)les were incubated at 45 minutes at 37''C or 90®C. A 
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10 ftl aliquot of each sample was tiira spotted on heat-treated ITLC strq> and 
duomatogr^hed in PBS, pH 7-4 until the solvent was O.S cm from the sti^ top. The 
amount of displacemmt was expressed as % of total radioactivity at the solv»t firont. 
The results for two esqperiments craducted respectively at ST'C and 90''C are shown at 
Kg. 3. In a related manner, comparative biodistrttnition profiles of Re-188-RC-i60 at 
2 hours post injection into the tail vein of adult, fi^nale BALB/c mice (»2Sg weight) 
(n^S/group) with each animal rec^ving 0.2 ml containmg 2q>proximately 4 iiCl 
Selected oigans as shown in Fig. 4 were resected and weighed and the associated 
radioactivity was determined as a percmtage of injec^ dose pr gram of tissue. The 
percent dose from blood, bone and muscle was calculated as,suming 7, 8.2 and 40% of 
total body weight for these tissues. 37''C and 90*'C were the two temp^atures at 
which radio labelling was peifonned. 

Addition of the well known gen^ puipose stabilizer/fnesenrative 
sodium sulfite (1 mg/ml pH 7.4), sodium bisulfite (1 mg/ml, pH 5.5), or mixtures of 
ascoifoate and soduun sulfite (Asconif** formulaticm), sodium bisulfite, or EDTA 
(Ascoibate for Injection, U.S.P., fbrmulati<m) were also effective in stabilizing the 
^''Re-RC-lfiO, ahhougjb not as effective as using ascoibate alone. The addition of 50 
mg/m 1 ascoibate yklded the same results as adding 250 mg/ml of ascoibate. 

Additkm of ascoibate aft» radiolabeHng was found to result in , 
stabilization. When the same amount and concentration of ascoibate was added prior 
to the addition of the rhenium, the RC-160 was iKH effectively radiolabete^ Ite 
results obtained by analytical SP-HPLC wm confinned by TLC studies and by 
isocratic ehitions from C-18 SepPak columns. Evra when the amount of ascoibic add 
added prior to the additicm of the rhenium was reduced to 400 iig^ the radiolabeliiig 
was sevmly compromised. A stde-by-side compariscHi of the results obtained by 
KP-HPLC revealed an elution profile indicative of inefficient radiolabeling in the 
presence of this low amount of ascoibic add. The RP-HPLC results were confirmed 
by TLC. In the case of the preparation radiolabded in the presence of 400 ftg of 
ascoibic add, fuithn post-addition of addhion of ascoibic add afier the labeling did 
not resuh in any inqnovement in the labding effid^icy. The addition of ascoibate, or 
ascoibate/sulfite sohitions, maximized tiie reduction of the pqptide RC-160, which is 
preset in excess, withwt comprcHnising ''^RC-160. The radiolabeling kit could be 
formulated with an excess of stannous ions and RC-160 to accommodate a variety of 
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labeling situations. In the piesrace of.'^'Re, the RC-160 and stannous ions interact to 
result in what is bdieved to be metal-cydked T he ^'^e-RC-lfiO was 

d»ionstrated by RP-HPLC not to be idratical with stannous-ion-ieduced RC-160, or 
RC-160 reduced wiA dithiothieitol. Since is produced esseitially cani^-fiee 
5 from a 188W/^**Re genmtor, it is hypodiesized diat excess stannous ions will leduce 

the RC-160 not ccnnplexed to ^**Re. Tte post-labeling addition of ascoifaate theiefoie 
aids the reduction of excess RC-160, tfaerd>y r»(tering it essmtially biologically 
inactive and unable to comp^ effectivdy with ''*Re-RC-160 in vivo for binding to 
recqjtors. The net result is a stable radiolabeled peptide with a veiy high specific 
10 activity. 

EXAMPLE 2 - STABmZATION OF A '^Tc-LABELED ?gM ANTIBODY FOR 
DIAGNOSTICIMAGING. 

15 Two dififnoit lots of radiolabdiqg kits for an IgM antibody, 

anti-SSEA-1, w«e prepared, with each kit containiog a lyophilized vial containing: 



InexBfigit wdirhtpteririt 

Reduced, staunous^irotected anti-SSEA-1 murine IgM monocknial antibody 250 fig 

20 Maltose 12J mg 

Succinic ackl (CH2COOH)2 295 fig 

Potasaum sodium taztrate KNaCffl406*4H20 250 ftg 

Glydne NH2CH2COOH 28 fig 

Eddate I>isodhmi C10H14N2O^a2-2 H20 ^ 5fig 

25 Stannous tartrate 27 fig 



Two diffqent ladtolabeling meOiods w^e ployed; in the first mediod, each vial was 
radiolabeled by the additicm of '^c sodium pertechi^ate in a vohme of 1.0 ml 
saline, fc^owed by incubation for 30 minutes at ST^'C. Hie radiolabeled antibody was 
30 th» evaluated. In the second method, esu^ vial was iadk>labeled by the addition of 
^c sodmm p^tedmetate in a vohmie of 0.25 ml saline, mcubated for 30 minutes at 
37*C, and tiien 0.75 ml of a 500 mg/2 ml Ascoibic Add for Injection, U.S.P., 
solution was added. Hie radiolabded antibody to which the ascori)ic add "crfthiiiTtng 



wo 97/28181 PC7rAJS97/01695 

16 

agent had been added was then evaluated. The net immunoieacdvity was assessed by 
measuripg binding to cells known to e3q>iess the antigen for which anti-SSE/^-1 is 
speciHc, measuring binding to ceQs known not to express the antigen, and subtnu:ting 
the diffenNice. In all cases, die net iminunoieactivity was high^ by the second 
method in which ascorbic add stabilizing agent had been added. In one lot of kits, the 
net immunoieactive fiacticH) was 51 % when ascorbic acid stabiliring ag»t was added, 
and 46% when it was not added. In anoth^ lot of kits, the net inununoieacdve 
fracticMi was 59% whoi ascorbic add stabilizing agent was added, and 42% when it 
was not added. 



EXAMPLE 3 - FORMULAHON OF A '*Tc-LAHELBD IgM ANTIBODY 
RADIOLABEUNG KIT FOR DIAGNOSTIC IMAGING. 



A ladiolabeliiig kit was formulated which included a 3 nd reaction vial 
ccMitaining the followiug lyofriiilized components: 

CWTOOTHIt Content Per Kit 

Modified, stannous-piotected anti-SSEA*l murine IgM monoclonal antibody 250 fig 
Maltose 12.5 mg 

Suodnic add 221 fig 

Potassium sodium tartrate U.S.P./N.F. 522 fig 

Glycine U.S.P./N.F. 28 ^g 

Disodium Edetate Dihydrate U.S.P./N.F. 9 iig 

Stannous tartrate 54 fig 



Hie formulation pH is adjusted to 6.2 ±0.1 with NaOH and/or HCl prior to 
dispensiiig 0.50 ml per vial and lypphilizing. The product contains ix> bacteriostatic 
preservative. Minimum stannous tin is 10 micrograms and total tin is 24 micrograms. 
One 2 ml ampule of conunerdally available Ascorbic Add Iigect ion, U.S.P. 
(Ascorbic Add 250 mg/ml and Edetate Disochum 0.025% in water for injection) is 
included in the radiolabeUng kit. Ascorbic Add sobition (0.75 ml) is added after 
'^c labeling as a stabilizer for the reconstituted product. To radiolabel, the 3 ml 
reaction vial with lyophilized componrats is removed from 2 -8^C storage and 
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allowed to come to nxMn tCTipeiatuie.. Without the addition of air, the contents of the 
vial are a5q)tically reconstituted with up to 40 mCi (ISOO MBq) of Sodhun 
P^technetate '^c Injection (0.25 ml) ftom a fresh generator elution. The vial is 
gratly swilled until Che lyophilized product is completely dissolved. Hie reaction vial 
(xmtaining Sodium Pertedmetate '^c Injection is i^^ for 30 minutes at ST^C. 
0.75 ml of Ascoibic Acid Injection, U.S.P. is then added to the reaction vial and 
gently swided to mix. In g»eral, increased stabili^, as a function of time, results 
wh» ascoibic add is added after radiolabeling. If radiolabeling is perfonned in the 
presCTce of ascoibic ddd^ in g^octsA decreased radiolabeling yields and increased 
radiochranical impuiities are obsoved, with radiochemical impurities including 
unbcNind ''^c-sodium potechnetate and '^c-labded ccdloid. Dilution of the pre- 
radiolabeled preparation with commonly used clinical diluents such as dextrose 5%, 
0.9% saline, or water for injection, rsO^ than an ascoibic add soluticm, also resulted 
in increased ladiocbemical inqyurities. 



EXAMPUB 4 - EFFECT OF POST-LABELING ASCORNC ACID 
STABILIZATION ON ^c-LABELED IgM ANTIBODY PREPARATIONS 
CONTAINING VARYING STANNOUS CONCENTRATIONS. 

Three different anti-SSEA-1 IgM radiolabding Idts were pi^^ m 
Example 3, excqit tfiat one kit contained a total of 18 g of stannous laitrate, another 
kit contained a total of 24 g of stannous taitiate» and a third kit contained a total 30 g 
of stannous taitiate. Bach kit was l^led with 20 mCi of ^^c sodium p^techn^ate 
in a volume of 250 ^1, wfth incubation for 30 minutes at ST^'C. FbUowing 
inclination, 50 fil of each radiolabeled preparation was iCTioved, to which was added 
150 ^1 of an ascoibic acid sdution. Each of the resuhing sbc different preparations 
was tested for inununoreactivity as described in Exanq>le 2. In each case, the 
n^ative cdl binding was sut>stantiaDy lower in the preparations containing ascoibic 
add. At the higliest stannous conc»tration, n^ative cell binding was 14*5% in the 
piq>aration which did not ccHitain ascoibic add, and 2.9% in the preparation which did 
contain ascoibic add, dmcmstmting the stabilizing effect of ascmbic acid on high tin 
prq)aratkms. 
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Data aie presCTted in the Figuie 9 iclating to the labeling of a RhoMed 
radiq>hamac»itical product known as L»iTec-M1M, a '^c-labeled anti-SSEA- 1 
antibody. (This piodiu^ is referred to as "Leuko- 1" in Figure 9, which is a snnunaiy 
of the test results from a lot of LeuTecMTM manufactured by RhoMed.) This data 
shows the difference in radiolabeling yields between unstabilized and stabilized 
(with ascorbate) product. This data, especially that circled ami marked '*added 
post*labeling", shows that the composition tends to remain more stable than 
those compositions where other diluents were used. 



EXAMPLE S - EFFECT OF ASCORBIC ACID ADDED DURING 
RADIOLABELING OF ^c-LABELBD HUMAN GAMMA GLOBULIN. 

'^c-labeling kits weie formulated using polyclonal human gamma 
globulin as the proldn to be radiolabeled. A vari^ of redudng agents, imduding 
ditfaionite» sulfite, and tetrathionate weie employed, wit h stannous used to reduce the 
'^c sodium p^tecfanetate. Each type of diffemt kit was radiolabeled both with and 
without ascoibic add in the radiolabding solution, and in eadi case the presence of 
ascoibic add during radiolabeling advmdy affected l^)eliiig yields, blood tevels 
obtained upon intravenous injection of the ladiolabded prq)aiation into expemacgxtil 
animals, and the redstance of the labeled antibody to challenge with cysteine. 

Hie ittchwcm of ascoibic add into four diffident preparaticHis of this 
IgG antibody, prior to techn^itun labeling, adversely affects labding yidds. Mood 
levels, and the reastance of the labeled antibody to challenge with cysteine. Asonbic 
add was not added to any of the piqnrations after labeling, since that was not the 
intent of these particular ejq?eriments. Figure 10 shows HPLC profiles of ^^c- 
labded IgM samples, showing the difference in yield ovct time with labeling occurring 
in the presence of ascoibate on the one hand, and addition of ascoibate post-labeling 
on the other. 

All of the foregoing are merely illustrative, and other equivalrat 
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CTbodimraits aie possible and contemplated. Although the invration has been 
desaibed with itfetcKc to these preferred mbodimmts, other mbocfiments can 
achieve the same results. Variations and modifications of the present inv^ttion will be 
obvious to those skilled in the ait. The appended claims are intended to encompass 
all such modifications and equivalents. Hie entire disclosures of all s^lications, 
patents, and publications cited above are hereby incoiporated by referaice. 

Table 1. Comparative effect of various post-labeling compounds on the ehition of 
Re-188-RC-160 from C,, Sq>Pak columns. The top panel illustrates 
results obtained with ascoifaate (SO mg/ml, pH 6.G), sodium sulfite (1 
mgfwl, pH 7.4) or sodium bisulfite (1 mg/ml, pH 5.5). Ibe bottiMn 
panel illustrates results obtained with Ascoibatc for Injecti<m, USP, or 
the Ascorvit f<mnulation. 



% OF TOTAL RADIOACnVITY ASSAYED 



EIHANOL 


SALINE 


ASCOSBATE 


SULFITE BISULFITE 


0-20% 


0.8 


0.7 


7.0 


1.0 


40^56 


8S.4 


96.4 


85.8 


94.0 


80-100% 


4.0 


0.9 


3.8 


1.8 


column 


9.7 


1.8 


3.5 


3.3 



% OP TOTAL RADIOACnv mr ASSAYED 







ASCOSBATE 




BTBANOL 


SALINE 


FORINJECnON 


ASCORVIT 


0-20% 


0.8 


0.7 


1.0 


40^% 


85.4 


91.5 


94.0 


80-100% 


4.0 


1.3 


1.8 


column 


9.7 


6.6 


3.3 
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TABLE 2. Effect of reduced amounts (400 ftg) of ascoibic add on the labeling 
efficiency of Re-188-RC-160. Ascorbic acid was introduced along 
with the Re- 1 88, and the results compared to those obtained without 
the addition of ascoibic add during the labeling. Both prqnrations 
S were labeled on the same day using the same batch and amount of 

Re- 188 (20 mCi, 740 MBq). 



10 g OP TOTAL RADIQACnvrrY 

NO ASCORBATB PLUS ASCQFPATP 

10%etfaanol 0.9 S2.4 

85% etfaanol 97.0 46.2 

ocdumn 2.1 1.4 

15 
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1 1. 

2 A m^hod for stabilizing peptides radiolabeled with a 

3 xadioisotq)e by addition of a stabilizer, sdected from die 

4 group consisting of ascoibic add and water soluble salts, 

5 e^ers and mixtures thweof to a composition containing a 

6 previously radiolabeled pq>tide, wherein sa^ stabilizer is 

7 pres^ in an amount suffidrat to prevent oxidation loss 

8 and autoradiolysis of the radiolabeled pq>ttde. 

1 2. 

2 Ibe method of claim 1 wherein the pqytide is 

3 radiolabeled with a radioisotq^e selected from the group 

4 consisting of ''Tc, "•^Re and 

1 3. 

2 The method of claim 1 wh^dn the pqydde is 

3 radiolabeled by direct labeling of the pqrtide with a 

4 radioisotcqie. 

1 4. 

2 The method of claim 1 wherdn the peptide is 

3 radiolabeled by use of a bifitnctional didate. 

1 5. 

2 . Tlie method of claim 1 wherein the pq^de is a 

3 somatostatin analogue. 

1 6. 

2 The medKxi of claim 1 wherein the pqitide is 

3 radiolabeled prior to addition of the ^abilizer, by 

4 incubation with the radioisotq)e for at least fifteen 
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minutes at a teDq)eiatuie ranging from nx>m 
traipeiatuie to lOO'^C. 

7. 

A method for ^abiliang proteins radiolabded with a 
radioisotope by addition of a stabilizer, selected frcmi 
the group consisting of ascoxbic add and water soluble 
salts, esters and mixtmes tfaneof to a conqx>sition 
containing a previoudy radiolabeled pn^ran, wherein 
said stabilizer is presrat in an amount sufficient to 
prevent oxidation loss and autoiadiolyas of the 
radiolabeled protein. 

8. 

Hie method of claim 7 wherein the pn^ein is 
radiolabeted with a radioisotope sdected from the group 
consisting of '^Tc, ^••Re and **'Re. 

9. 

Hie method of claim 7 wherran the protein is 
radiolabeted by direct labding of the protein with a 
radioisotope. 

10. 

The method of claim 7 wherein the protein is 
radiolabeled by use of a bifunctional chelate. 

11. 

The method of claim 7 wherein the protein is an 
anti-SSEA-1 IgM mmoclcMial antibody. 

12. 

The m^hod of claim 7 wherein die protein is 
radiolabded prior to addition of the stabilizer by 
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incubation with tlie ladioisotc^ for at least fifteen 
minutes at a traipexatuie langing from room temperature 
to 37*C. 

13. 

Hie m^od of claim 7 wh^ein the protein is 
radiolabeled at a concratration of between 0.5 and 2 
mg/ml, and wherein after radiolabding and upon 
addition of the stabilize in a pbannacoitically acceptable 
carrier, the protein is at a conc^itiaticni of between 0.1 
and O.S mg/ml. 

14. 

The method of claim 13 wh^fcin the protein is 
radiolabeled at a ccnicentration of 1 mg/ml, and wherein 
after ladiolabeling and upon addition of the stabilizer in 
a phannacratically accqitable cani», the protein is at a 
concratratkm of between 0.01 and 0.2S mg/ml. 

15. 

A compoffltion for prqoring a stable '^c-labeled 
anti-SSEA-1 IgM monoclonal antibody preparation, 
ccmiprising: a prqiaration conqmsing a quantity of 
partially reduced anti-SSEA-1 IgM monoclonal antibody 
and stannous kxi, wl«em the anti-SSBA-1 IgM 
monockmal antibody is labeled by the additicm of '^c 
sodium p^technetate and inculiation; and a stabilizer 
selected frcMn the group ccHisisting of ascorbic add and 
wat^ soluble salts, esters and mixtures thereof wherein 
the stabilize is added to the '^c-labeled anti-SSEA-1 
IgM monoclonal antibody preparation subsequent to 
labeling the anti-SSBA-1 IgM monoclonal antibody by 
the addition of '^c sodhmi pertechnetate and 
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IS incubation. 



1 


16. 


2 


The coinposition as defined in claim IS wbraein the 


3 


paitially reduced anti-SSEA-1 monoclcMial antibody 


4 


and stannous ion is in the fonn of a lyq>hilized kit 


1 


17. 


2 


The oompositioQ as d^ined in claim IS wherein the 

* 




Stabilize is in an aqueous formulation comprising a 


4 


physiologicany acceptable carri^* or dilumt. 


1 


18. 


2 


A compo&hira stabili/ed against at least one of oxidation 


3 


and autoradiolysis contaimng a radiolabeled peptide or a 


A 


radiolabded protein and a stabilize selected from the 




group consisting of ascorbic add and water-soluble salts 




and esters of ascoxbic add and mixtures of two or more 


7 


of the foregoing said stabilizer ha^ng been added to said 


8 


ccmiposition containing said peptide already radiolabeled* 


1 


19. 


2 


A method for stabilizing a composition containing a 


3 


radiolabeled peptide or a radiolabeled protein conqmsing 


4 


tbe steps oi^ 


5 


providing a composition containing said peptide or 


6 


protdn» said pq)tide or protein having already been 


7 


radiolabeted, and adding to said compoMtion a 


8 


stabilizing agent selected from the groiq> consisting of 


9 


ascoibic add and physiologically accqitable water- 


10 


soluble salts and estm of ascorbic acid and mixtures of 


11 


two or more of the foregoing said stabilizers in an 


12 


amount effective to stabilize said radiolabeled peptide or 


13 


protein against oxidation or autoradiolysis. 
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FIGURE 3 
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FIGURE 4 
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STABILITY OF RADIOLABELED RC-160 
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FIGURE 5 
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TLC OF Re-188-RC-160 IN SALINE 
20 mCI/200 ug PEPTIDE 




HOURS AFTER LABELING 



FIGURE 6 
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FIGURE 7 
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2hrs post labeling 


2hrs post 
labeling 


24 hours post 
labeling 


Sample ID 


HPLC 


fTLC 


FTLC 


% Protein 
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HPLC 
Yield 


%Free 


% Colloid 
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